












































































? 250 kg/ha???????????? 2??????
????????????????? 10???????
?????????????????????????
? ?? ?? ??????????????????????????
????????????????????????????????















































???????????? ?United States Environmental 
Protection Agency? USEPA?? 1994?????? 40 
CFR Part 503 Rule94????????????????
????????????????????????
? 1.???????????????
14?? 15?? 16?? 17?? 18??
?????? 1,377 1,110 1,152 1,065 774
??????? 465 350 225 144 124
????? 72 59 55 63 61
?????? 0 0 0 0 1
?????? 229 108 205 113 71
????? 97 47 45 49 43
?????? 37 34 28 27 35
????? 7 12 25 16 18
?????????????? 8 0 1 0 0
?????????
????????
447 491 558 645 416
?????? 2 2 0 0 0
???? 2 0 0 0 0
??? 2 1 1 0 1
???? 0 0 0 0 0
????? A? 0 0 0 0 0





??? 1,000 MPN/g-dry weight??????????
??????????? 3 MPN/4g-dry weight???
?????????? 2005???????????
? ? ? British Standards Institution?s Publicly Available 












































?????????????? 40 CFR Part 503 Rule??










USEPA1 40 CFR Part 503 Rule
Class A:
< 1? 103 MPN/g-total solids (dry-weight basis) as coliform
??????????or 
< 3 MPN/4g- total solids as Salmonella sp.
Class B:
< 2? 106 CFU or MPN/g-total solid as coliform
BSI2 BSI PAS 100
< 1? 103 CFU/g-fresh mass as Escherichia coli
??????????or
Absent/25g-fresh mass as Salmonella sp.
1 United States Environmental Protection Agency


























































Temperature (? ) Exposure time in minutes
Salmonella enterica subsp. 55? 60 30
enterica serovar Typhi
Salmonella spp. 56 60
60 15
Shigella spp. 55 60
Escherichia coli 55 15? 20
Staphylococcus aureus 50 10
Streptococcus pyogenes 54 10
Mycobacterium tuberculosis 66 15? 20
var. hominis
Corynebacterium diptheriae 55 45




































































?? ? ??? ?? ?????? ?? ?????? ?? ?????
?????????????????????????
?????????????????????????






























?????? 3???????? 12 L??????












????????????? EF MODEL 5020A???
??????? 2?????????????
3??????????
????????????????? 2M KCl ???
1?9?w/v??????30?????????????
??? Bremner? 4??????????




































Schematic diagram of composting reactor.
a, insulation material (Styrofoam); b, trap for accumulated 
water; c, cylinder (PVC); d, thermocouple; e, stainless-steel 
mesh; f, aeration pump; g, ﬂow meter; h, ﬂask for cooling 





































??71???? 2.3??17 ???74???? 7.0??30 
?????? 78?? 9.2??51 ???????????
?????????????????????????
?????????????????????????
????????????United States Environmental 
Protection Agency ?USEPA?????????????
????? 55????????????55?????




Banana skin 15 15
Grilled ﬁsh 10 0
Tea leaves 5 0
Coffee grounds 5 0
Grilled beef 0 10
Salad oil 0 10
*?????????????????????1996? 8??
????????????
? 4.???? A??? B??? ?????
Constituents of garbage A and B (% of wet weight basis)
Composter1 Composter 2 Composter 3 Composter 4
Run 1 Control 1 Tofu residue 1 Rice bran 1 Dried chicken feces
Run 2 Control 2 Tofu residue 2 Rice bran 2 Raw chicken feces
Run 3 Control 3 Rapeseed meal Garbage A Garbage B
? 5.?3????????????
???Allocation of three runs of composting trials.
Moisture content Maximum temperature Duration55a Number of E. coli (CFU/g-wet)
(%) (°C) (h) day 0 day 7
Control Polypepton Control Polypepton Control Polypepton Control Polypepton
71 68.4 70.7 52 69 1.6×107 1.0×107 <103 <103
74b 60.0 67.0 38 68 1.1×106 9.5×105 <103 <103
78 53.5 62.7 0 51 1.6×106 1.0×106 1.0×105 <103
a Duration of the temperatures above 55°C.
b Due to a trouble inside the composter, the data in one of the duplicates of a control (non-addition) treatment containing 74% moisture was omitted from   
  Table 6.
? 6.??????????????????????????????



































??? 91?????????????????????? 4.?71%(A)?74%(B)???? 78%?? (C)??????
?????????????????????????
????????
Changes in temperature during composting process at (A) 
71%, (B) 74% and (C) 78% moisture content level with or 
without polypepton addition. 
Data of duplicate results are shown. Thin and thick line 
show a time course of control (non-addition) and treatment 
(polypepton-addition), respectively. Due to a trouble inside 
the reactor, the data in one of the duplicates of a control (non-
addition) containing 74% moisture was omitted.
? 5.?Run3????????
Time courses of temperature of Run 3.
Arrow indicates turning of the composting materials. Thin, 
shaded, dotted and thick line show a time course of control 








































0.79? 1.50 mg-N/?? g????????????2.57 
mg-N/?? g????7?????????????













No. organic waste TEMP
max
a Duration55b BOD Number of E. coli (CFU/g-wet)
(°C) (h) (O
2
 mg/g DM) day 0 day 7 day 12
Run 1 1 control 1 51.5 0 92.9 9.3×105 1.3×106 1.7×107
2 tofu residue 1 67.9 70 206.0 2.6×106 <102 2.1×103
3 rice bran 1 64.6 60 223.6 8.3×105 <102 <102
4 dried chicken feces 52.5 0 117.0 4.5×106 1.0×106 2.9×107
Run 2 5 control 2 44.6 0 81.1 9.4×106 2.4×106 1.3×106
6 tofu residue 2 63.4 56 166.2 1.0×107 <102 <102
7 rice bran 2 55.4 18 185.0 4.4×106 <102 <103
8 raw chicken feces 42.2 0 124.3 4.7×106 2.0×103 1.2×103
Run 3 9 control 3 51.1 0 111.2 1.0×106 1.5×106 2.6×107
10 rapeseed meal 69.5 58 174.0 1.0×106 <102 <102
11 garbage A 58.6 32 179.8 1.1×106 <102 <102
12 garbage B 68.5 58 219.7 1.2×106 <102 <102
a Maximum temperature.
b Duration of the temperatures above 55°C.
? 7.??????55?????????BOD??????????





















? 7??????????? BOD? 95.1 O2 mg/g-dry 
matter ?n=3??????????????????
???????????? 117.0? 223.6 O2 mg/g-dry 













? 6.???? 7???????????? (A)???? 55?
??????? (B)????
Relationships between the numbers of E. coli on day 7 and (A) 
maximum temperatures or (B) duration of the temperatures 
above 55?.
Open circles show the numbers of E. coli below 103 CFU/g-
wet.
? 7.????????? BOD?????
Relationships between maximum temperature and BOD value 
of compost mass. Numbers attached to circle correspond to 
those in Table 7.
?? ????????????? 9??2009?
?????????????????????????









































































































































????????? 40 cm??? 40 cm???????

























*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment, 
respectively.
? 8.?????????????????











??TEMPmax? ???? ????? 55???????




















???? BOD??????? 97.6? 16.6?6TR?
126.6? 11.7?11TR? 183.5? 18.9 O2 mg/g-dry matter
?????????????????????????
??????????????? BOD??????12














A Schematic diagram of the static compost pile used in this 
study. The numbers of the thermocouples and their locations 








Control 65.9 ± 0.9d 38.7 ± 7.6d 55.3 ± 4.6d
6TR 68.1 ± 1.7d 32.0 ± 4.0de 72.7 ± 8.3de
11TR 68.6 ± 2.6d 26.0 ± 2.0e 89.3 ± 22.1e
*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment, 
respectively.
aMaximum temperature.
bTime required for temperature to reach 55?.
cDuration of the temperatures above 55?.
d,eMeans in same row with different superscript letters are signiﬁcantly different 
(p<0.05).
? 9.?????????????????
???Effect of tofu residue addition on temperature rise.
Control 6TR 11TR
Day 0 97.6 ± 16.6 126.6 ± 11.7 183.5 ± 18.9
Day 7 49.1 ± 11.8  54.2 ± 14.3 70.4 ± 5.2
Day 12 15.8 ± 1.1 28.2 ± 4.7 31.6 ± 2.1
*Control, 6TR, 11TR: 0, 6 and 11% tofu residue addition treatment, 
respectively.
? 10.?????????? BOD? (O2 mg/g-dry matter)?
??













































Time courses of temperature of the center of the control pile, 
tofu residue addition pile and ambient during the composting 
process. 
Dotted, thin and thick line show a time course of ambient, con-
trol and tofu-addition treatment, respectively.
? 10.??????????????????????? 9?
?????? (A)???? 55???????? (B)?
??
Comparison of (A) the maximum temperature and (B) the 
duartion of the temperature above 55? (Duration55?) of 
9 locations in control and tofu residue addition pile. The 
numbers of the positions are corresponded to Fig. 8. Open 
and shaded column show a value of control (non-addition) 




































































































?????? Nutrient Broth ?Difco Lavoratories? 100 ml
? 1???????37?? 18???150 rpm????
??????????????7,000? g, 10 min???
???????0.1 M Phosphate-buffered saline ?PBS?
?? 2??????????????????? PBS
????????????????O.D.600??????

















































Temperature records at nearly mid-depth of the center in static 
piles and the time schedule for compost sample collection. 
Thin line: temperature in control pile; thick line: temperature 





??????? 107 CFU/g-dry matter????????
????????????????????????








































After Air-Drying Inoculation of E. coli2 After Incubation
Compost E. coli Coliforms3 E. coli E. coli Coliforms
Samples1 (CFU/g DM) (CFU/g DM) (CFU/g DM) (CFU/g DM) (CFU/g DM)
C0 7.8 × 105 <104 Average: 2.3 × 107 7.8 × 107 1.2 × 107
C7 <104 1.7 × 105 Range: 1.8 to 2.8 × 107 3.7 × 108 2.9 × 108
C13 <104 5.6 × 107 ? 3.1 × 108 7.4 × 108
C22 <104 2.3 × 108 ? 8.3 × 106 1.1 × 109
C41 <104 1.0 × 107 ? 2.9 × 107 7.2 × 107
A190 <102 * <102 ? 5.7 × 107 <105
A360 <102 <102 ? 6.0 × 107 <105
T0 7.6 × 105 1.3 × 104 ? 4.1 × 108 1.2 × 108
T7 5.5 × 104 3.2 × 105 ? 5.6 × 108 1.4 × 108
T13 <104 1.3 × 107 ? 2.5 × 108 9.3 × 107
T22 2.2 × 104 5.2 × 106 ? 1.5 × 108 9.6 × 107
T41 <104 2.9 × 106 ? 3.7 × 107 4.0 × 107
1 C = control; T = tofu residue; numbers = age (d) of sample collected; A190 and A360: compost samples derived from another composting 
run, which had been composted and kept in plastic bags for 190 or 360 d, respectively.
2 Quantity of E. coli inoculated into each air-dried compost sample.
3 The numbers of coliforms except E. coli are shown.
* Below limit of detection.
? 11.?????????????????????????????







































































Comparison of E. coli growth in compost samples of different 
stages with and without the addition of tofu residue, and 
aged compost samples.
1 % of initial E. coli population calculated as [E. coli counts 
after 5 days incubation]/[E. coli counts before incubation] ? 
100.
2 C = control; T = tofu residue; numbers = age (d) of sample 
collected; A190 and A360: compost samples derived from 
another composting run, which had been composted and 
kept in plastic bags for 190 or 360 d, respectively.
 * abcde: Means with different letters are signiﬁcantly 








































































?????? 19, 44, 101?????????????????











































































5?????????Volatile fatty acids? VFAs?
???????Volatile fatty acids? VFAs??C2? C4?






Schematic diagram of liquid composting reactor.
a, aeration pump; b, mass ﬂow meter; c, ceramic diffuser; 









0.5ml????????20,000? g, 4? , 5 min??
???????????500 µl? extraction buffer ?100 





PCR?????? 16S rRNA???????? 3?E. 






PCR??? AmpliTaq Gold ?PE Applied Biosystems?







??QIAEX? Gel Extraction Kit ?QIAGEN??????
??????
??????????
DGGE? DCode Universal Mutation Detection System 
?Bio-Rad?????????????????????
??????????6? 12?????????? ?25
? 50????? 7M??? 40??v/v???????
? 100?????? 2???????????????
PCR???????????????????0.5?
TAE buffer ?20 mM Tris-acetate [pH 7.4], 10 mM acetate, 






????????? 1?????? SYBR Green I 
?Molecular Probes??? 30????????????
?????????????UV??????????
?????Gel Print 2000i, Genetics Solutions??
????????????????????????
????????????????????????








???????? BigDye Terminator Cycle Sequencing 
Kit ?Applied Biosystems? ?????????????
???????????Sequence??????????
????? 357f-GC? GC?????????????
? 357f??? 517r?????Sequence??ABI Prism 










Pi? importance probability of the band in a gel lane
Ni? band intensity of individual bands



















Easy vector ?Promega???????????E. coli 
JM109??????????IPTG?0.5 mM??X-gal
?100 µg/mL?????????? ?100 µg/mL???
? LB?????????37????????????
??????????????????LB broth??























????AB331442– AB331452???????? 16S 





























????????? 107 CFU/mL?? 1??????




350 mV?????????? 14A????? 350 mV?
?? ????????????? 9??2009?
???? ORP?? 3???????????????
?????? VFA??????????? TOCS ??
????????? 14B???????? 4?????
????? VFAs?????????????

























????????? DNA??? Closest Relative???
?? 12?????0???????????????
???? 56?????????? band 1, 2??????
???????????????????????? 1
?????Bacilli?????? band 3, 4, 5?????
?????????0???????? Clostridia??
???? band 1??????????? 15A??2??
?? Bacteroidetes?????? band 6???????
???????DGGE????????????band 3
??????????????????????
4.5???? Bacteroidetes?????? band 7, 8?






Time courses of (A) oxidation-reduction potential (ORP) (B) 
supernatant TOC (TOCS) and CODCr and volatile fatty acids: 
closed triangles and circles represent the values of TOCS 
and CODCr, respectively, while open circles, triangles and 
squares represent the values of acetic acid, propionic acid 
and butyric acid (C) NH4-N in the pig slurry and the ratio of 
NH4-N to total nitrogen. Ratio of NH4-N to TN was statistically 
compared for the samples after day 1 when added urea 
was hydrolyzed: open circles and columns represent the 
values of ammonia concentrations and ratio of ammonia to 
total nitrogen, respectively, and (D) the number of E. coli. 
Thin arrows indicate the samples used for DGGE analysis 
(Fig. 15A). Bold arrows indicate the samples used for PCA 
(Fig. 15B) and clone library analysis. The error bars indicate 
standard deviations of the mean (n = 3). Only for ORP is a 
typical time course shown. ab: Means indicated with different 
letters are signiﬁcantly different (p < 0.05).
????????????????????????????
??? 3.5??? 4????????????????
??????????????????band 1, 3, 4?
?? 6?????????????????????
??????????????????????????
Day 0 ?n=47??????Day 2 ?n=48??????




? ? ? ??Clostridia?21/47? ? ? ? Bacteroidetes
?23/47??????? 16?????? OTU??PSM-28, 
? 15.????????????????? DGGE?????? (A)??????????????????B?
(A) Denaturing gradient gel electrophoresis (DGGE) proﬁles of PCR-ampliﬁed 16S rRNA gene extracted from aerated 
pig manure slurry microﬂora. The numbered bands refer to those in Table 12. *: These bands are supposed to be a 
heteroduplex that was derived from the sequences represented by bands 3, 4 and 5, because the re-ampliﬁed frag-
ments recovered from these bands showed bands 3, 4 and 5 on the DGGE gel. (B) Scatter plot of the results from the 
PCA of the DGGE proﬁles of three runs. Open, closed and shaded circles represent the plots of three independent 




Organisms Classb??????? Similarityc (%) Accession No.
1 Uncultured bacterium clone p-956-s962-5 Clostridia  100 AF371797
2 Uncultured bacterium p-2513-18B5 Clostridia  100 AF371834
3 Bacillus sp. STB9 Bacilli   96 AY603079
4 Bacterium K2-24 Bacilli   96 AY345429
5 Bacillus sp. STB9 Bacilli   96 AY603079
6 Petrimonas sulfuriphila strain BN3 Bacteroidetes   93 AY570690
7 Bacteroides sp. 22C Bacteroidetes   92 AY554420
8 Chitinophaga sp. Gsoil 052 Bacteroidetes   90 AB245374
9 Flavobacterium terrae strain R2A1-13 Flavobacteria   93 EF117329
10 Sulfate-reducing bacterium RA50E1 Clostridia   89 AY548776
11 Aequorivita antarctica isolate S4-8 Flavobacteria   96 AY771732
a Band numbers refer to Fig. 15A.
bThe sequence of closest relatives were phylogenetically classiﬁed using the RDP classiﬁer of the Ribosomal Database Project II
c Percentage similarity to the closest relative according to the BLAST search.
? 12.?DGGE???????? DNA????????????????
Sequence similarities between DNA fragments recovered from DGGE gel and their closest relatives.
?? ????????????? 9??2009?
-12, -13, -16, -17, -26 ?EF529620, AY028442, AB064923, 
AY239461, AB238927, X94967????????????
????????????????????????
?? ?PSM-11? AY005061? ???????PSM-34? 
?Y15986???????????????? 13??




???? 16?? 13??????? OTU??? PSM-1
?21/48????? PSM-2?9/48???DGGE????








Day 2 ????????Day 4??????????
???????Day 4???????????????
? Bacillus???? OTU?????????Day 2 ?
?????? PSM-1?28/50???? -2?12/50???









Best match in GeneBank % similarityc
Day 0 PSM-28 10.6 Clostridia EF529620 93
PSM-16 8.5 Bacteroidetes AY239461 87
PSM-17 8.5 Bacteroidetes AY862593 90
PSM-11 6.4 Bacteroidetes AY005061 90
PSM-12 6.4 Bacteroidetes AY028442 93
PSM-13 6.4 Bacteroidetes Prevotella copri 93
PSM-37 6.4 Clostridia Y15986 89
Day 2 PSM-1 43.8 Bacilli Band 3, 5 AM690038 95
PSM-2 18.8 Bacilli Band 4 DQ448750 94
PSM-34 14.6 Clostridia AF443595 98
PSM-36 8.3 Clostridia Oscillibacter valericigenes 93
Day 4 PSM-1 56.0 Bacilli Band 3, 5 AM690038 95
PSM-2 24.0 Bacilli Band 4 DQ448750 94
Day 6 PSM-1 10.4 Bacilli Band 3, 5 AM690038 95
PSM-56 10.4 ?-proteobacteria EF095770 96
PSM-49 8.3 ?-proteobacteria AJ565420 91
PSM-50 8.3 ?-proteobacteria AJ565420 91
PSM-62 8.3 ?-proteobacteria AM400231 96
PSM-48 6.3 Flavobacteria Aequorivita antarctica 93
a The sequences of OTUs were phylogenetically classiﬁed using the RDP classiﬁer of the Ribosomal Database Project II. 
b Band numbers refer to Fig. 15A and Table 12.
c Percentage similarity to the closest relative according to the BLAST search.
? 13.?0?2?4?6?????????????????????? 5%????????? OTU??????
The commonly isolated OTUs (>5% in total clones) from day 0, 2, 4 and 6 clone libraries.
? 16.?0?2?4?6??????????? 16S rRNA???
??????
Relative proportions of 16S rRNA gene sequences 
recovered from day 0, 2, 4 and 6 samples. ?Other? 
represents Sphingobacteria, Mollicutes or unclassiﬁed 
bacteria combined. The number above the bar 




?????? Day 4??????? Bacteroidetes??






? 17.?0?2?4?6 ??????????????????? Clostridia?Bacteroidetes?Flavobacteria ???
Sphingobacteria????????????
Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among the clones from the 
aerated pig slurry samples on day 0, 2, 4 and 6 within the classes Clostridia, Bacteroidetes, Flavobacteria and Sphingobacteria. 
Bootstrap values are shown for each node that had >70% support in a bootstrap analysis of 1000 replicates. Sequences obtained 
in the present study are in boldface, followed by the clone library from which the individual 16S rRNA clone sequences came. 
Campylobacter fetes in the ?-proteobacteria served as the outgroup organism. The scale bar represents 5% sequence divergence. 






?? canal water ?PSM-45, -46? AJ565420????? lake 
water ?PSM-57? AM400231? ? 18????????













CFR part 503 regulation94???Class A????????
??????
??????????????????? ORP??











???????????? B. licheniformis3????? B. 
thermocloacae45??????????????????






















































Bacillus??????????????? 39, 51, 76????






? 18.? 0?2?4?6??????????????????? Bacilli? ? -proteobacteria?? -proteobacteria?? -proteobacteria?
? -proteobacteria?Mollicutes??? Unclassed????????????
Phylogenetic tree generated by the neighbor-joining method showing the phylogenetic relationships among the clones from the aerated pig 
slurry samples on day 0, 2, 4 and 6 within the classes Bacilli, ?-proteobacteria, ?-proteobacteria, ?-proteobacteria, ?-proteobacteria, 
Mollicutes and Unclassed. Bootstrap values are shown for each node that had >70% support in a bootstrap analysis of 1000 replicates. 
Sequences obtained in the present study are in boldface, followed by the clone library from which the individual 16S rRNA clone sequences 
came. Leptospira fainei in the Spirochaetes served as the outgroup organism. The scale bar represents 2% sequence divergence. DDBJ/











































































































































































































































































































???????????? 107 CFU/mL?? 1???
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Summary
??Animal waste is utilized as an organic fertilizer after it is subjected to composting or the liquid composting process. Food 
security and safety are a great concern for consumers; therefore, effective treatments are required to ensure organic fertilizer 
hygiene. It is well known that proper composting effectively destroys pathogens in animal waste through the high temperature 
achieved by the process. In Japan, sawdust or rice straw is normally used as a bulking agent for moisture adjustment, though 
a constant supply of these bulking agents cannot be expected. In case of a shortage of bulking agents, composting with 
high moisture content materials such as cattle feces is inevitably carried out under inappropriate conditions. In this study, to 
ensure pathogen reduction during composting of cattle feces, I investigated co-composting with a variety of organic wastes. In 
addition, recently, the regrowth of pathogens in ﬁnished compost when appropriate temperature and moisture conditions are 
provided is becoming an issue, even though the pathogen population decreases to a low level during the composting process. 
Since the use of such compost which allows the pathogen regrowth is unfavorable, I evaluated the E. coli regrowth potential in 
various types of compost. There are few reports on the dynamics of pathogens and the mechanisms of their reduction during 
the liquid composting of animal waste. In this study, the relationship between the dynamics of the E. coli population and the 
biological and physiochemical factors that may affect E. coli survival was investigated.
??The results showed that the addition of organic wastes to high moisture content cattle feces signiﬁcantly increased heat 
generation compared to the treatment wherein organic wastes were not added, and the maximum temperatures of more 
than 55? remarkably reduced the E. coli population. This temperature increase depends on the amount of easily digestible 
organic carbon present in organic wastes, and we observed a positive correlation between the maximum temperatures 
and the values of biochemical oxygen demand (BOD), an indicator of easily digestible organic carbon. Signiﬁcant E. coli 
regrowth was observed in the compost samples collected during or immediately after the thermophilic phase. Therefore, 
the risk of regrowth is considered to be the highest in immature compost. During the liquid composting process, the E. 
coli population signiﬁcantly decreased during the initial phase of the process. However, the E. coli reduction was not due 
to high temperatures; therefore, the mechanism for E. coli reduction is different between the solid and liquid composting 
processes. It is speculated that the reduction of the E. coli population may be due to the competition with Bacillus, which 
was found to be predominant during the E. coli decreasing phase, and/or the changes in physicochemical factors induced 
by the degradation of organic substances and the production of metabolites during the process. These results indicate 
that thermophilic and curing stages are important for E. coli elimination during solid composting. Further investigation is 
required for the elucidation of the mechanism for E. coli reduction during liquid composting process.
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